Introduction
The Topics in Organometallic Chemistry series from Springer presents critical overviews of research results in organometallic chemistry, covering a broad range of topics in pure and applied organometallic chemistry. The theme of Volume 32 in this series, "Medicinal Organometallic Chemistry", is the potential medical applications of organometallic compounds. Edited by Gérard Jaouen and Nils Metzler-Nolte, this book describes recent advances in the design, synthesis, mechanistic understanding and medical application of organometallic compounds.
Medicinal Organometallic Chemistry
This volume encompasses the medicinal organometallic complexes of iron, titanium, technetium and gold among other metals; however this review will focus on those chapters featuring the platinum group metals (pgms). The discovery of the anticancer properties of cisplatin was arguably one of the major discoveries for anticancer chemotherapy in the twentieth century and now platinum anticancer drugs feature in multiple chemotherapy regimens (1) . Though cisplatin is a simple inorganic complex (cis-PtCl 2 (NH 3 ) 2 ), it has had a major impact on all aspects of inorganic medicinal chemistry including organometallic medicinal chemistry. The mechanism of action of cisplatin is believed to be the formation of DNA intrastrand crosslinks. Much of the early work on metal-based compounds focused on their interaction with DNA. However, it is now increasingly apparent that many metal complexes with potential antitumour activity do not behave like cisplatin, and it has been proposed that we should move away from the 'platinum paradigm' by developing drugs based on other metals such as ruthenium which have a different mechanism of action (2, 3) (Figure 1) . Another apparent misconception is that organometallic compounds are too unstable to be useful as drugs, but (University of Warwick, UK) take up these themes in the second chapter by reviewing the activation mechanisms of organometallic complexes with potential anticancer activity. The hypothesis is that their cytotoxic activity towards cancer cells is based upon the substitution of one or more of the metal ligands by the biological target molecule. The fi rst step in this substitution reaction is hydrolysis to form an aqua complex, followed by a second substitution with the target biomolecule. However, it is essential to control the aqueous reactivity to prevent potential complex hydrolysis reactions. A series of ruthenium-and osmium-arene complexes have been designed to interact differently to the platinum drugs with DNA. These compounds consist of an arene ligand, a neutral chelating ligand and a monoanionic ligand, forming a 'piano-stool' structure (Figure 2) . The arene ligand and the chelate ligand provide stability to the structure, while the monoanionic ligand provides potential for substitution reactions with biomolecules. The choice of suitable ligands can control the thermodynamic and kinetic stability of the , named RAPTA compounds. Interestingly, in mouse cancer models these compounds are able to inhibit tumour metastasis without affecting the growth of the primary tumour. This has led to a search for alternative biological targets, with a focus on two enzymes: thioredoxin reductase and cathepsin B, both of which contain cysteine in their active site. Though in general RAPTA compounds were found to be weak inhibitors of thioredoxin reductase, they were able to inhibit cathepsin B by coordination of the Ru(II) to the cysteine in the active site.
Protein phosphorylation by kinase enzymes is a major regulatory mechanism for protein activity and transmission of intracellular signals. There is a growing trend towards targeted therapy in which cancer drugs are aimed at specifi c molecular targets such as kinases. An excellent example is the drug imatinib which is targeted at the gene fusion protein breakpoint cluster region-Abelson (bcr-abl) tyrosine kinase and has changed the landscape for chronic myeloid leukemia therapy. Seann Mulcahy and Eric Meggers (Philipps-Universität Marburg, Germany) describe in the sixth chapter the ability of metal-containing compounds to form rigid 3D structures which can then be used as structurally diverse, unique scaffolds for the design of specifi c enzyme inhibitors. Staurosporine, an indolocarbazole alkaloid, is a relatively non-selective protein kinase inhibitor. By using cyclopentadienyl half-sandwich Ru complexes as a structural scaffold for staurosporine mimetics, and combining features of the indolocarbazole within the half-sandwich complex, highly potent and specifi c protein kinase inhibitors have been identifi ed for the protein kinases Pim1, MSK1 and glycogen synthase kinase (GSK3). These kinases are all potential targets for anticancer drugs (Figure 3) . 
Conclusions
Overall this is an informative book and will be welcomed by those working in the fi eld of inorganic medicinal chemistry. The main areas of interest from a pgm perspective are the two chapters describing work on the Ru-arene complexes and their potential antitumour activity, and the chapter on metal complexes as scaffolds for novel kinase inhibitors. The chapter on CO-RMs is of interest but is disappointing with a writing style consisting of multiple bullet points with brief supporting text. One of the appealing aspects of this book is its historical perspective. The introduction by the book's two editors, Gérard Jaouen and Stéphane Gibaud, traces the history of bioorganometallic chemistry from the elucidation of the crystal structure of cyanocobalamin to the discovery of the arsenical drug salvarsan by Erlich, to the antitumour activity of the titanocene complexes and the more recent Ru-arene complexes, set within the context of the discovery of cisplatin. This historical perspective is encapsulated in the chapter on arsenic drugs which have progressed from Fowler's solution for malaria (fi rst proposed for use in 1786) to arsenic trioxide which is currently being evaluated as a drug for acute promyelocytic leukemia. The main disappointment in this book is the lack of translation of the chemistry to a clinical perspective. Ultimately it will be the clinical translation of medicinal organometallic chemistry which will be the true measure of its success.
